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Abstract; Four selenocysteine-containing proteins (gastro¬ 
intestinal glutathione peroxidase, plasma glutathione per¬ 
oxidase, selenoprotein P. and thioredoxin reductase-a) are 
expressed in the colonic mucosa. Because of their anti¬ 
oxidant functions, a protective role in colon carcinogenesis 
is discussed. The aim of this study was to elucidate an 
involvement of gastrointestinal selenoproteins during the 
adenoma-carcinoma sequence. Matched pairs of biopsies of 
colorectal adenomas and adjacent normal mucosa from 11 
patients were analyzed for mRNA expression, protein ex¬ 
pression, or enzyme activity of selenoproteins by Northern 
blot, Western blot, or enzymatic tests. All adenomas re¬ 
vealed a marked reduction of selenoprotein P and a variable 
increase of gastrointestinal glutathione peroxidase mRNA 
compared with adjacent tissue. Thioredoxin reductase-a 
and plasina glutathione peroxidase mRNA expression were 
not altered in adenomas. The Northern blot results were 
confirmed by Western blot analysis or enzyme activity meas¬ 
urement, respectively. We conclude that gastrointestinal 
glutathione pei oxidase and selenoprotein P plo}’ a comple¬ 
mentary rote in the antioxidative cell defense along the 
adenoma-carcinoma sequence. It remains to be shown 
whether upregulation of gastrointestinal glutathione peroxi¬ 
dase in adenomas represents a compensator^’ mechanism to 
reduce susceptibility for oxidative damage resulting fixim 
the loss of selenoprotein P. 

Introduction 

Colorectal tumorigenesis is a multistep process based on 
inherited or acquired molecular defects that are associated 
with a progressive disorganization of tissue architecture as 
well as derangement of regulation of normal cell replication 
and differentiation. Numerous mutagenic events can occur 
throughout colorectal carcinogenesis. For instance, activat¬ 
ing point mutations in oncogenes such as K.-ras or loss of 
heterozygosity in tumor suppressor genes such as AFC, 


MCC, DCC, and p53 facilitate colorectal carcinogenesis 
(1,2). Additionally, mutations of the “mutator genes” 
hMSH2, hMLHl, hPMSl, and hPMS2 induce general 
genomic instability as a result of the impairment of the DNA 
mismatch repair system {3). A major contribution to DNA 
damage in tumor progression in the colon (4,5), as well as 
mismatch repair deficiency (6), is caused by oxidative stress 
due to production of and other reactive oxygen species 
(ROS). The number of ROS-induced hits is estimated at 
20,000 per cell per day (7). Several antioxidants, such as re¬ 
duced glutathione (GSH) and thioredoxin (Trx), are sug¬ 
gested to protect cells and the genome against HjOj- and 
ROS-inducible damage. The proteinaceous tripeptide GSH 
occurs intracellularly in high concentrations of 0.5—12 mmol 
(8) and contributes to prevent oxidative decay of cellular and 
subcellular structures (9). Regeneration of GSH occurs en¬ 
zymatically by glutathione reductase. Trx, a protein di¬ 
sulfide reductase, catalyzes the first unique step in DNA 
synthesis and is involved in regeneration of reductive 
enzymes as well as redox regulation of enzymes and tran¬ 
scription factors (10). Oxidized Trx is regenerated by the 
selenocysteine-containing protein thioredoxin reductase 
(TtxR)(ll). 

Reduction of hydroperoxides is catalyzed by the seleno- 
cysteine-containing protein family of glutathione peroxi¬ 
dases (GPx), which use GSH as a cofactor. The classical 
cellular GPx, cGPx (12,13), the plasma GPx, pGPx (14), and 
the gastrointestinal GPx, GI-GPx (15), detoxify and 
organic hydroperoxides. The reduction of phospholipid 
hydroperoxide, cholesterol hydroperoxide, and linoleic acid 
hydroperoxide is catalyzed by phospholipid hydroperoxide 
GPx (16), In addition, selenoprotein P (SeP) is able to reduce 
phospholipid hydroperoxide, although less efficiently than 
phospholipid hydroperoxide GPx (17). 

Recently, we identified the mRNA of four different 
selenocysteine-containing proteins in the mucosa of the gas¬ 
trointestinal tract: pGPx, GI-GPx, TrxR-a, and SeP (18). 
pGPx is a secreted GPx isoform (14), which may contribute to 
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extracellular neutralization of H 2 O 2 . In contrast, the cytosolic 
isofonn GI-GPx is suggested to play an important role in con¬ 
trolling cellular redox mechanisms (12,13) and resistance 
against colon cancer development (19). 

Although TrxR-a mRNA has been found nearly ubiqui¬ 
tously in the human digestive tract (18), gastrointestinal ex¬ 
pression of the recently described isoform TrxR-3 (20) is 
unlcnown. Besides control of various cellular redox-related 
processes such as transcription (e.g., activation of nuclear 
factor- kB and activator protein-1), TrxR is involved in pro- 
tein-DNA interactions, growth control, and DNA synthesis 
(21-23). Furthermore, because of elevated TrxR and Trx 
gene expression in colon cancer tissue and some cell lines, 
an association to colon carcinogenesis has been discussed 
(24,25), 

The biological function of SeP, the fourth gastrointestinal 
selenocystcine-containing protein (18), is discussed. There is 
increasing evidence for an important role in the antioxidant 
defense, as indicated by the high content of selenocysteine 
residues (26-28), a protective effect against diquat- or para¬ 
quat-induced liver damage (29,30), protection against per- 
oxynitrite-inducible cell injury (31), protection against 
oxidative damage from gluthathione depletion in sele¬ 
nium-deficient rats (32), and phospholipid hydroperoxide re¬ 
duction (17). SeP mRNA expression is detectable in colon 
carcinoma cells (33). Similar to GI-GPx, particularly high 
SeP mRNA levels have been demonstrated in the human co¬ 
lon and rectum (18). 

To determine a potential involvement of the gastrointesti¬ 
nal selenoproteins in colon cancer development, we investi¬ 
gated human biopsy specimens of colorectal adenomas in 
comparison to surrounding nonadenomatous tissue for the 
expression of Gl-GPx, SeP, pGPx, and TrxR-a at the 
mRNA, protein, and functional levels. 

Methods 

Biopsy Sampling 

With written informed consent of the patients, matched 
pairs of forceps biopsies from colorectal adenomas and adja¬ 
cent normal mucosa were obtained during therapeutic colon¬ 
oscopy before removal of the polyps (n = 10). Furthermore, 
biopsies from rectal adenomas were obtained from one pa¬ 
tient with familial adenomatous polyposis (FAP) during di¬ 
agnostic sigmoidoscopy before proctocolectomy. Tissue 
samples from patients with no pathological findings during 
diagnostic colonoscopies served as controls. 

RNA Isolation and Northern Analyses 

Total RNA was isolated by guanidine-CsCl centrifugation 
according to the method of Chirgwin and co-workers (34). 
Fifteen micrograms of total RNA were separated by electro¬ 
phoresis on denaturing formaldehyde gels, transferred to ny¬ 
lon membranes, and fixed by ultraviolet cross-linking. The 
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blots were hybridized in a solution containing 5x saline- 
sodium citrate, 50% formamide, 1 x DenhardPs reagent, 1% 
sodium dodecyi sulfate, 20 mM sodium phosphate, pH 6.3, 
100 M-g/ml denatured salmon sperm DNA, and radiolabeled 
cDNA (probe 0.3 MBq/ml) at65“C overnight, cDNA probes 
were labeled with deoxy-[o!-“P]CTP (110 TBq/mmol; 
Amersham, Braunschweig, Germany) by use of the random 
primed DNA labeling kit (Boehringer, Mannheim, Ger¬ 
many). Integrity and equal loading of RNA were monitored 
by ethidium bromide staining and hybridization with radio- 
labeled cDNA probes for the constitutively expressed genes 
glyceraldehyde 3-phosphate dehydrogenase or p-actin. Blots 
were exposed to Kodak X-o-niat X-ray films for one to five 
days at —80®C with intensifying screen. Hybridization signal 
intensity was evaluated by densitometric measurement. 

cDNA Probes 

The hybridization probe for human SeP was a 927-bp re¬ 
verse transcriptase-polymerase chain reaction product am¬ 
plified from HepG2 cDNA with primers specific for the 
5'-part of the published cDNA sequence (35). The full- 
length cDNA of the human GI-GPx (bases 1-971) was ob¬ 
tained from Dr. F. F. Chu (Duarte, CA) (15). The human fe¬ 
tal liver glyceraldehyde 3-phosphate dehydrogenase cDNA 
was obtained from American Type Culture Collection (no. 
57091). The rat P-actin probe consisted of a 1,200-bp insert 
and 150 bp of the pBluescript vector obtained from Dr. 
Mazoub (Boston, MA). The human pGPx probe was poly¬ 
merase chain reaction cloned (corresponding to bases 
70—536) using primers for the published pGPx cDNA se¬ 
quence (36). The hybridization probe for human TrxR was a 
differential display polymerase chain reaction product of 1.4 
kb or the 2.3-kb 5'-product of rapid amplification of cDNA 
ends (37). 

GFx Activity Measurement 

Biopsy specimens were homogenized in a glass Teflon 
potter, resuspended, and sonicated in buffer containing 250 
mM sucrose, 20 mM AC2-hydroxyethylpiperazine-An-2-eth- 
ane sulfonic acid, and 1 mM EDTA, pH 7.4. GPx activity was 
assayed by the method of Beutler (38), with tertiary 
butylhydroperoxide as the substrate. Cytosols of the biopsies 
(50 pg) were added to the reaction mixture in a final volume 
of 1 ml [0.1 M tris(hydroxymethyI)aminoTnethane (Tris), 0.5 
mM EDTA (pH 8), 200 pM NADPH, 2 mM glutathione, and 
1 U/ml glutathione reductase type IV from baker’s yeast; 
Sigma Chemical, Deisenhofen, Germany]. The reaction was 
started by the addition of 7 pM tertiary butylhydroperoxide. 
After an initial incubation period of 1—1.5 minutes, the oxida¬ 
tion of NADPH was measured at 340 rnn, within the linear 
range of the leaction for 2-3 minutes. The activity of GPx was 
expressed as nanomoles of NADPH oxidized per minute per 
milligram of protein, as determined by the Bradford Bio-Rad 
protein assay (39). Unspecific NADPH oxidation was meas- 
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ured by the complete inhibition of GPx by the addition of 100 
mM mercaptosuccinate, the GPx inhibitor, to the incubation 
mixture before initiation ofthe reaction. The background val¬ 
ues were subtracted from the obtained results. 

TrxR Activity Measurement 

TrxR activity was measured according to the dithionitro- 
benzoic acid (DTNB) method as described by Holmgren and 
Bjomstedt (11). Cytosols were prepared as described above. 
The assay mixture (1 ml) consisted of 100 mM potassium 
phosphate, pH 7.0, 10 mM EDTA, 2 mg/ml DTNB, and 0.2 
mg/ml NADPH. An aliquot of cytosol (100 lil, 1-6 pig pro- 
tein/pi!) was added, and the change in absorption at 412 nm 
was monitored for two minutes. Unspecific substrate oxida¬ 
tion (1 -8% of the results obtained for the cytosols), as moni¬ 
tored in a reference cuvette containing the assay mixture 
(900 jxl + 100 jii of suspension buffer), was subtracted. Ac¬ 
tivity was defined as micromoles of DTNB reduced to thio- 
m'trobenzoic acid (TNB) per minute (A412/13.6 x 2). 
Results arc expressed as activity per milligram of cellular 
protein. Each measurement was performed in triplicate. 

Production of Polyclonal Antibodies Against SeP 

Antigenic domains of SeP were predicted by antigenicity 
diagrams (40-42). An antigenic peptide of 15 amino acids 
was chosen from the COOH region of SeP (43). The peptide 
was synthesized and coupled to the carrier keyhole limpet 
hcmocyanin (Eurogentec, Seraing, Belgium). Rabbits were 
immunized and boosted with this conjugate. Immunoglobu¬ 
lins (Ig) were isolated from the rabbit sera by sodium sulfate 
precipitation according to Kekwick (44); then the samples 
were subjected to centrifugation and dialysis. 

Western Blot Analysis 

Biopsy samples were diluted witli sample buffer [400 
mM Tris, 4% lithium dodecyl sulfate (wt/vol), 30% glycerin 
(voi/voi), 204 mM mercaptoacetic acid, and 0,02% 

Table 1. Patient Characteristics and Histology 


hromphenol blue, pH 6.8]; 25 fig of protein were loaded per 
lane. The proteins were separated by 12% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (45,46), trans¬ 
ferred to nitrocellulose membranes, and stained with 
Ponceau S. Membranes were blocked with 3% nonfat milk 
powder, 3% bovine serum albumin (BSA), 2% horse serum, 
and 0.1% Tween 20 in phosphate-buffered saline (PBS) for 
two hours at room temperature. Membranes were incubated 
with the different Ig preparations (working dilution 1:750) in 
PBS, 1% nonfat dry milk, 1% BSA, 1% horse serum, and 
0.1% Tween 20 overnight at 4°C and washed with a solution 
containing 10 mM Tris, 150 mM or 1 M NaCl, 0.1% f-octyl- 
phenoxypolyethoxyethanol (Triton X-100), 2 mM EDTA, 
1% nonfat dry milk, 1% BSA, and 1% horse serum. Finally, 
membranes were incubated with a peroxidase-labeled sec¬ 
ondary antibody (anti-rabbit antibody, dilution 1:2,000, di¬ 
lution 1:5,000 in PBS, 1% nonfat dry milk, 1% BSA, 1% 
horse serum, and 0.1% Tween 20) for one hour at 4°C and 
washed as described above (43). Detection was done with 
the enhanced chemiluminescence system according to the 
manufacturers’ instructions (Ameisham Buchler). 

Results 

Patient Characteristics 

Matched pairs of biopsy specimens of adenomatous pol¬ 
yps and normal adjacent mucosa of 10 patients were exam¬ 
ined as well as one adenomatous tissue biopsy of a patient 
with FAP. Patient characteristics and the histological find¬ 
ings of the polyps are shown in Table I. 

Northern Blot Analyses 

GI-GPx niRNA expression was elevated in the biopsy 
specimens of all adenomas. The mean increase in the quanti¬ 
fied GI-GPx mRNA steady-state levels was 4.7 ± 4.6 (SE)- 
fold (range 1.1-17.7) compared with normal adjacent mu¬ 
cosa (Patients 1-10). In contrast, SeP mRNA expression was 
markedly decreased in all adenomas. The average reduction 


Patient No. 

Age, yr 

Gender® 

Histoiogy 

1 

57 

M 

Tubulovillous adenoma with moderate atypia 

2 

58 

F 

Villous adenoma with moderate atypia 

3 

38 

M 

Tubulovillous adenoma with moderate atypia 

4 

57 

M 

Tubular adenoma with mild atypia 

5 

66 

F 

Tubulovillous adenoma with moderate atypia 

6 

79 

IVI 

Tubulovillous adenoma with mild atypia 

7 

65 

F 

Tubulovillous adenoma with severe atypia 

s 

57 

F 

Tubular adenoma with miid atypia 

9 

66 

F 

Villous adenoma with moderate atypia 

10 

60 

F 

Tubulovillous adenoma with moderate atypia 

n'' 

38 

M 

Tubulovillous adenoma with mild dysplasia 


a: M, male; F, female. 

b: A patient with famil ial adenomatous polyposis. In this case, biopsies of adjacent normal mucosa were not available. Patient underwent proctocolectomy. 
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Figure 1. Gastrointestinal glutathione peroxidase (Ot-GPx) and seleno¬ 
protein P (ScP) mRNA expression in matched pairs of biopsy specimens of 
colorectal adenomas and adjacent mucosa (representative Northern blot). 
Northern hybridization of total RNA (i 5 pg/lane) purified from mucosa bi¬ 
opsies of colorectal adenomas and adjacent tissue are shown. Membrane 
was hybridized with cDNA probes for mRNA of GI-GPx and SeP. As a ref¬ 
erence, blots were hybridized with cDNA for constitutively expressed pro¬ 
teins P-actin and glyceraldehyde 3-phosphate dehydrogenase (not shown). 
Blots were exposed for 18 h at -SO'C. Corresponding RNAs were detected 
by autoradiography. Lane I (control), normal recta! mucosa of a healthy in¬ 
dividual; Lanes 2 and 3 (Patient 1), normal mucosa and adjacent 
tubulovillous adenoma with moderate atypia, respectively; Lancs 4 and 5 
(Patient 2), normal mucosa and adjacent villous adenoma with moderate 
atypia, re^ectively; Lanes 6 and 7 (Patient 3), normal mucosa and adjacent 
tubulovillous adenoma with moderate atypia, respectively; Lanes 8 and 9 
(Patient 4), normal mucosa and adjacent tubular adenoma with mild 
dysplasia, respectively; Lane 10 (Patient 11), tubulovillous adenoma with 
mild dysplasia in a patient with familial adenomatous polyposis. 

was a 9.0 + 9.5-fold decrease (range -32 to -32.8) of the SeP 
mRNA steady-state levels compared with surrounding nor¬ 
mal mucosa. The same results were seen in the adenomatous 
tissue of the patient with FAP (Patient 11; Figures 1 and 2). 

In contrast to the marked alterations of GI-GPx and SeP 
mRNA expression, neither TrxR-(x nor pOPx revealed sig¬ 
nificant differences in die mRNA expression between ad¬ 
enomatous and adjacent nonadenomatous colorectal tissue. 
Compared with normal surrounding mucosa, TrxR-a and 
pGPx mRNA levels were only slightly increased in the ade¬ 
nomas; 1.4 ± 0.3-foId (TrxR-a) and 1.5 ± 0.6-fold (pOPx). 
The deviation of the selenoprotein mRNA levels in the 
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adenomas from the values in the normal mucosa (100%) is 
shown in Figure 3. 

GPx Enzyme Activity 

GPx enzyme activity measurements (Patients 1-10) re¬ 
vealed a mean GPx activity in normal a<i[acent mucosa of 
29.8 ±3,9 nmol NADPH oxidized-min"'-mg protein”'. In ad¬ 
enomatous tissue, a mean GPx activity of 47.6 ± 8.9 nmol 
NADPH oxidized'min"''mg protein-' was determined. 
Therefore, in comparison to the surrounding nonadeno¬ 
matous mucosa, in colorectal adenomas the enzyme activity 
levels were increased by a mean factor of 1.6, which is sta¬ 
tistically not significant. GPx activities in adenomas and ad¬ 
jacent normal mucosa are shown in Figure 4. 

TrxR Activity 

In correlation with the Northern blot results, TrxR activ¬ 
ity in adenomas was only slightly enhanced but did not differ 
substantially from that in normal adjacent mucosa. In adeno¬ 
matous tissue the mean TrxR activity was 2.7 ± 0.4 pmol 
TNB’m{n"‘'mg protein"', in contrast to 2.4 ± 0.3 pmol TNB- 
min-'-mg protein-' in surrounding nonadenomatous tissue 
(Figure 5). 

Ponceau S Staining of Gastrointestinal Proteins and 
Western Blot Analysis of SeP 

The Ponceau S staining showed no differences in the pro¬ 
tein pattern or intensity of the signals for extracts of normal 
mucosa and adenomatous tissue (Figure 6, Lanes la and 2a). 
Variations of signal intensity and pattern of protein bands 
immunoreactive with SeP antisera were detected by Western 
blot analysis by Ig preparation of rabbit sera against a 
COOH regional peptide of SeP (Figure 6, Lanes lb and 2b). 
Signals in the normal mucosa extract were stronger than 
those in the adenoma tissue extract. Several bands were de¬ 
tected with the polyclonal Ig antibody: normal mucosa ex¬ 
tracts gave a broad diffuse band between 65 and 51 kDa, and 
adenoma tissue extracts gave a smaller band between 56 and 
51 kDa and a sharp band at 61 kDa. Those molecular mass 
regions are in accordance with both isoforms of mature hu¬ 
man SeP as described in the literature (61 and 55 kDa) 
(47-50). In both tissue extracts, two sharp bands were de¬ 
tected at 40 and 37 kDa; however, the 37-kDa band was 
Stronger in the normal mucosa tissue extract than in the 
adenoma tissue extract. A further 34-kDa band was detect¬ 
able only in the normal mucosa. An additional 24-kDa band 
was detected in both extracts but was of lower intensity in 
the adenomatous tissue. These signals in the low-kilodalton 
range might refer to deglycosylated or immature truncated 
forms of SeP (31). Furthermore, a band at 81 kDa was visi¬ 
ble only in the adenoma tissue extract. The origin of this 
band is unknown. 
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Figure 2r Densitometric evaluation of Gl-GPx and SePmRNA expression in adenomas compared with adjacent normal mucosa. Bars represent intraindividual 
deviation of QI-GPx and SeP mRNA expression in adenomas compared with adjacent normal mucosa. mRNA steady-state levels were quantified by 
densitometry. 



Figure 3. Densitometrk evaluation of mean mRNA expression ofOI-GPx, SeP, plasma glutatliione peroxidase (pGPx), and thioredoxin reductase-cc (TrxR-a) 
(logarithmic scale). Bars represent results (mean$ ± SE) of densitometiic analysis of niRNA expression of sclepocysteme-contaiiiing proteins GI-GPx, SeP^ 
pGPx. and TrxR-a in colorectal adenomas compared with adjacent normal jnucosa (100%) (n * 10, Patients 1-10). Although mean GI-GPx steady-state level is 
enhanced to 627 ± 247% and mean ScP steady-state level is decreased to 15.4 ± 3.8%, mean pGPx and TrxR-a mRNA steady-state levels are not substantially 
altered. 


Discussion 


Epidemiological data (51,52), animal studies (53-56), 
and interventional studies (57) have raised an ongoing dis¬ 
cussion about a potential chemopreventive effect of sele¬ 
nium against colorectal cancer. We previously described 
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differential mRNA expression of four selenocysteine-con- 
taining proteins in the human gastrointestinal tract that may 
serve as molecular targets for supplemental selenium. Be¬ 
cause of a particularly strong expression of GI-GPx and SeP 
in the colorectal mucosa of healthy individuals, a protective 
role of those proteins in the development of colorectal can¬ 
cer is discussed (18). In this study, we present data on the 
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Figured. GPx enzyme activity in matched pairs of biopsy specimens of colorectal adenomas and normal mucosa. Activity ofGPx in mucosa biopsy specimens 
of colorectal adenomas and adjacent normal mucosa (n = 10) is shown. Values are means ± SE. In colorectal adenomas, mean GPx enzyme activity is moder¬ 
ately increased (1.6-fold, not significant) compared with that in normal adjacent mucosa. 



Figure 5. TixR enzyme activity in matched pairs of biopsy specimtais of colorectal adenomas and normal mucosa. Activity of TrxK. in mucosa biopsy speci¬ 
mens of colorectal adenomas and adjacent notnial mucosa in Figure 4 are shown (n = 10). Values are means ± SE; I Lf = 1 pmol thionitrobenzene/min. In 
adenomas, mean TrxR enzyme activity is only slightly increased (1.1-fold) compared with that in normal mucosa. 


niRNA expression, enzyme activity, and protein expression 
of gastrointestinal selenoproteins in colorectal adenomas 
compared with normal adjacent mucosa. All adenomatous 
polyps revealed markedly decreased SeP and elevated 
OI-GPx mRNA levels. Obviously, the rtiRNA expression 
pattern of SeP and GI-GPx changes during adenomatous 
transition, suggesting links to colon carcinogenesis. 
Whether their inverse mRNA expression in adenomas is 
caused by a common regulating factor or represents inde¬ 
pendent phenomenona must be discussed. The fact that both 
genes encode for selenocysteine-containing proteins raises 
the question regarding the role of selenium supply, particu- 
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larly in reference to data suggesting a correlation between 
low selenium levels and adenoma and cancer development 
in the colon (51—59). However, the inverse expression of 
GI-GPx and SeP and the unchanged mRNA steady-state lev¬ 
els of the other selenoptxiteins TrxR-a and pGPx indicate 
that the altered expression of GI-GPx and SeP is independ¬ 
ent of individual selenium supply. 

With regard to the marked decrease of SeP mRNA in ad¬ 
enomatous tissue, cytokines must be discussed as potential 
regulatory factors. Cloning and characterization of the hu¬ 
man SeP promoter by our group revealed downregulation of 
SeP expression and promoter activity by the proinflamma- 
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Figure 6. Ponceau S siaining for whole protein and Western blot analysis 
for SeP of tissue extracts from colorectal adenoma and adjacent mucosa. 
Left: Blotted nitrocellulose membrane stained with Ponceau S: normal 
colorectal mucosa (Lane la) and colorectal adenomatous tissue (Lane 2a). 
Right: Western blot analysis with immunglobulin preparations from rabbit 
sera against synthetic COOIT regional peptide of SeP: normal colorectal 
mucosa (Lane lb) and adenomatous tissue (Lane 2b). 

toiy cytokines interferon-Y, interleukin-lp, and tumor necro¬ 
sis factor-a in transient transfection experiments exploiting 
liver and colon carcinoma cells (60). In addition, we recently 
presented evidence for a marked inhibitory effect of trans¬ 
forming growth factor-P (TGF-P) on promotor activity of 
the human SeP gene, mRNA expression, and protein pro¬ 
duction of SeP (61). Altered production of TGF-p in colon 
adenomas might be one factor contributing to decreased SeP 
expression. However, no data support a sigm'ficant local re¬ 
lease of SeP-downreguiating cytokines in adenomatous pol¬ 
yps. Stimulatory effects of cytokines or TGF-p on GI-GPx 
mRNA expression have not been reported. Therefore, other 
factors, e.g., transcription factors, have to be considered as 
common regulatory determinants. 

Inverse expression patterns of SeP and OTOPx might 
represent constitutive epiphenomena associated with adeno¬ 
matous transition. However, mutagenic abrogation of SeP 
expression cannot be excluded. The SeP gene was localized 
to chromosome 5q31 (62), close to the APC gene locus, 
which is strongly linked to colon carcinoma development. 
Thus it appears to be intriguing to hypothesize that loss of 
SeP expression might occur as an early event in the ade¬ 
noma-carcinoma sequence, consecutively leading to in¬ 
creased susceptibility to oxidative DNA damage and 
enhanced genetic instability. The GI-GPx gene maps to 
chromosome 14q24.I (19,63,64), in the vicinity of the colon 
cancer suscqjtibility locus Ccs 1 (65), near Fos and TQFP3. 
Data from animal studies indicate a correlation between 
GI-GPx mRNA levels in the colonic mucosa and resistance 
against dimethylhydrazine-induced colon cancer (19). Ac¬ 
cording to these data, loss of suppression of GI-GPx expres¬ 
sion may represent a mechanism to enhance cancer 
resistance in an early stage of the adenoma-carcinoma se¬ 
quence. GI-OPx may contribute to colon cancer resistance 


by catalyzing the reduction of and other 

hydroperoxides in the colonic mucosa (66), which can cause 
oxidative DNA damage (5,7,67,68). Although there is no 
doubt about the antioxidant function of GI-GPx, the biologi¬ 
cal function of SeP is not completely elucidated, but there is 
increasing evidence for its potential role in antioxidant cell 
defense (17,26-32). Thus SeP and GI-GPx may act comple- 
mentarily in the defense against oxidative injury in the 
colorectal mucosa. Downregulation of SeP does not seem to 
be useful in conditions of potentially enhanced susceptibility 
for oxidative damage like adenomatous polyps. However, 
with the assumption that GI-GPx is the more important anti¬ 
oxidant selenoprotein, downregulation of SeP, which con¬ 
tains up to 10 selenocysteine residues, would possibly spare 
selenium in favor of Gl-GPx. In addition, local intracellular 
use of selenium by incorporation into GI-GPx might be of 
greater benefit for the cell than synthesis and secretion of 
SeP, which would lead to local selenium depletion. Accord¬ 
ing to this hypothesis, abrogation of SeP mRNA and protein 
expression might be a useful mechanism to optimize defense 
against ROS-inducible DNA damage in a prencoplastic le¬ 
sion, which is in jeopardy of forward advancement toward 

invasive carcinoma with every further hit. 

The Western blots confirmed the RNA expression profile 
for SeP. Western blot analysis revealed a decrease of the SeP 
signal (51-65 kDa) for adenoma tissue extracts compared 
with normal mucosa. The different patterns may result from 
changes in the distribution of several SeP isoforms in adeno¬ 
matous and nonadenomatous tissue. The detection of more 
than one signal by polyclonal Ig preparations indicates vari¬ 
ous stages of processing of SeP. The broad diffuse bands be¬ 
tween 65 and 51 kDa for normal mucosa and between 56 and 

51 kDa for adenomatous tissue correlate with signals for 
highly glycosylated mature SeP isoforms (48-50). The sharp 
40-, 37-, and 34-kDa signals are likely to represent 
deglycosylated or immature truncated forms of SeP contain¬ 
ing fewer selenocysteine residues (31). Variations in protein 
pattern and signal intensity in the colorectal mucosa may be 
related to adenomatous transition and reflect altered func¬ 
tion of truncated SeP variants. Formations of truncated or 
low-molecular-mass proteins have also been described in 
cell lines infected with human immunodeficiency virus (69). 

The increase in GPx enzyme activity was moderate com¬ 
pared with the marked increase in GI-GPx mRNA expres¬ 
sion. Because of the constant pGPx mRNA levels and 
absence of cGPx mRNA in the colonic mucosa (18), the in¬ 
crease of GPx activity is suggested to result mainly from 
translation of the enhanced transcript GTGPx levels. Avail¬ 
able assays of GPx activity do not discriminate between re¬ 
spective GPx isoforras. In oases with drastically enhanced 
mRNA expression (e.g.. Patient 5), insufficient translation 
must be discussed potentially due to mRNA instability or 
perhaps due to a relative intracellular selenium deficiency. 
Directed by a hairpin loop within the 3'-untranslated region 
of selenoprotein encoding mRNAs, selenoproteins incorpo¬ 
rate selenium as selenocysteine (Sec) by a remarkable trans¬ 
lation mechanism, utilizing a unique transfer RNA and 
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translation factor. The 21st codon UGA> which normally 
represents an opal stop codon, specifies the incorporation of 
Sec into protein (70). Therefore, an individual or local sele¬ 
nium deficiency may contribute to an inadequately slight in¬ 
crease in GI“GPx enzyme activity in several individuals as a 
result of insufficient Sec incorporation during translation. 
This might be an explanation for several data, which indicate 
a correlation between low plasma selenium levels and an in¬ 
creased risk of colorectal cancer (51-57). In individual 
cases, inadequate selenium supply may cause insufficient 
translation of GI-GPx mRNA, resulting in a lack of GPx. 
Therefore, low selenium intake may contribute to an in¬ 
creased colorectal carcinoma risk because of an insufficient 
GI-GPx translation followed by oxidative DNA damage. 

In conclusion, changes in inRNA expression patterns of 
GI-GPx and SeP in colon adenomas suggest their comple¬ 
mentary role in the antioxidative defense along the adeno¬ 
ma-carcinoma sequence. The regulating mechamsm remains 
to be shown, but lacking modulations of the other seleno¬ 
proteins pGPx and TrxR-a indicate that the altered expres¬ 
sion of SeP and GE-GPx in adenomas is not directly related 
to selenium supply. To improve protection against oxidative 
DNA damage in a susceptible preneoplastic lesion, down- 
regulation of SeP in favor of GI-GPx upregulation may be a 
useful mechamsm. According to this hypothesisj GI-GPx, 
which is associated with colon cancer resistance, seems to be 
the more important enzyme for antioxidant defense. Down- 
regulation of SeP, which contains a high amount of sele¬ 
nium, may ensure sufficient local and cellular selenium 
availability to ensure an increased GI-GPx activity. Loss of 
$eP mRNA expression as a primary event cannot be ex¬ 
cluded. Lack of SeP may cause increased susceptibility to 
ROS- and phospholipid hydroperoxide-induced DNA dam¬ 
age and, therefore, facilitate tumor progression. The con¬ 
comitant increase of GI-GPx mRNA levels and enhanced 
GPx activity in adenomas may represent a compensatory 
mechanism in the antioxidative cell defense. 
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